Supplementary Information accompanies the paper on the Leukemia website (http://www.nature.com/leu) A microRNA signature specific for hairy cell leukemia and associated with modulation of the MAPK-JNK pathways Hairy cell leukemia (HCL) is a chronic B-cell lymphoproliferative disorder characterized by marked splenomegaly, pancytopenia and proliferation of tumor cells with hairy appearance that infiltrate the spleen, liver and bone marrow and circulate at low percentage in the peripheral blood. 1 HCL displays a unique immunophenotype (ANXA1 þ , CD103 þ , CD25 þ and CD11c þ ) that is distinct from that of other B-cell lymphomas. 1 HCL is highly sensitive to purine analogues that induce a response in about 90% of patients. 1 During the past decade, significant progress has been made in the understanding of the HCL pathogenesis. 1 Gene-expression profile analysis identified a unique molecular signature, which suggested a derivation from memory B cells, provided novel diagnostic markers and explained some of the peculiar features of leukemic hairy cells. 2 In particular, the expression of genes controlling cell adhesion and response to chemokines appeared to be significantly altered in HCL, supporting the aberrant adhesion and homing properties of HCL cells. 2 No recurrent chromosomal alterations have been identified in HCL, while studies based on genome-wide single-nucleotide polymorphism analysis confirmed a remarkably stable genome. 1, 3 More recently, using a whole-exome sequencing approach, the BRAF V600E gene mutation was identified as the first genetic hallmark of HCL. 4 The presence of BRAF-activating mutations in virtually all HCL cases 4, 5 strongly suggests that the RAF-MEK-ERK pathway may have a critical role in the HCL pathogenesis.
A novel layer of biological complexity has been added by the discovery of microRNAs (miRNAs) and their implication in cancer. In B cells, miRNAs are expressed in a stage-or transformation-specific Accepted article preview online 4 June 2012; advance online publication, 29 June 2012 Letters to the Editor fashion, suggesting that they might have developmental and pathological roles. 6 Although miRNA-expression signatures have been derived for several hematological malignancies, the contribution of miRNAs to HCL has not yet been analyzed. In order to investigate the potential role of miRNAs in HCL pathogenesis and the possibility of using miRNA-expression signatures for the differential diagnosis of HCL, miRNA-expression profiling was performed on peripheral blood-derived CD19 þ B cells from eight HCL patients (all harboring the BRAF V600E gene mutation 4 ), five patients with splenic lymphoma with villous lymphocytes (SLVLs; all devoid of the BRAF V600E gene mutation) and nine patients with B-cell chronic lymphocytic leukemia (B-CLL; of which five could be tested and turned out to be negative for the BRAF V600E gene mutation) using the Human miRNA microarray kit v.1.0 (Agilent Technologies, Santa Clara, CA, USA). For comparison, six each naïve, germinal center and memory B-cell samples from healthy donors were also included in the study. Unsupervised hierarchical clustering, based on the average linkage method and Pearson's correlation, 7 was used to interrogate the miRNAexpression profiles for their ability of discriminating HCL, SLVL and B-CLL. The results showed that HCL displayed a unique and homogenous phenotype clearly distinct from that of the other B-cell malignancies ( Figure 1a) . Similarly, B-CLL tended to cluster together, whereas SLVL did not form a uniform cluster likely because of their higher heterogeneity ( Figure 1a) .
In order to identify a HCL-specific miRNA signature, HCLs were compared with SLVLs, B-CLLs and normal mature B cells at different stages of differentiation including naïve, memory and germinal-center B cells. This supervised analysis was performed using the Genes@Work software platform 8 and identified six miRNAs, which were expressed at significantly higher level in HCL compared with normal and other malignant B cells (Figure 1b) . The HCL-specific signature included the miR-221/miR-222 family, miR-22, miR-24, miR-27a and let-7b.
MiRNAs exert their function by negatively modulating the translation of their targets, and several genes have been already demonstrated to be directly targeted by the miRNAs identified here as deregulated in HCL. Interestingly, CDKN1B (p27/Kip1) represents a fully characterized direct target of miR-221/miR-222. 9 Low levels of CDKN1B protein expression in HCL have been previously reported and could not be explained by genetics, decreased transcription or increased ubiquitin-mediated degradation. 10 Therefore, it has been suggested that low CDKN1B protein levels in HCL may be due to unknown mechanisms of posttranscriptional regulation. 10 Our data strongly suggest that miR-221/miR-222 overexpression in HCL represents at least one mechanism, leading to low CDKN1B protein expression in HCL.
MiR-24 has been demonstrated to directly target CDKN2A protein (p16), 11 a tumor suppressor, largely affected by gene deletions in human cancer, but not in HCL. 3 Overexpression of miR-24 in HCL may lead to a negative modulation on CDKN2A protein in the absence of lesions affecting the gene locus. The CDKN1A (p21) protein has been recently reported to be regulated by miR-22, whose overexpression in HCL could contribute to make HCL cells more resistant to apoptosis. 12 To gain further insights on the potential role of miRNAs in HCL pathogenesis, we applied five target prediction algorithms (MiRBase Targets, TargetScan, PicTar, RNA22 and PITA) 13 to identify the candidate targets of the six-miRNA HCL-specific signature. Targets commonly predicted by at least four of the prediction methods and expressed in B cells were further investigated. Overall, 257 genes were predicted to be targeted by at least one of the HCL-overexpressed miRNAs. The pathway-enrichment analysis was performed on the 257 predicted targets using the Database for Annotation, Visualization and Integrated Discovery.
14 The mitogenactivated protein kinase (MAPK) pathway appeared as the most significantly enriched in predicted targets of HCL-overexpressed miRNAs, suggesting that miRNA-deregulated expression in HCL may modulate MAPK signaling (Figure 2) . Interestingly, most of the predicted targets belonging to the MAPK signaling pathway were involved in the activation of p38 MAPK and Jun N-terminal kinase (JNK). This pathway has been shown to make HCL cells susceptible to apoptosis, an effect likely triggered by the interaction of HCL cells with the microenviroment, in particular with the vitronectin-positive cells in the splenic red pulp. 15 Of note, miRNA-mediated repression was not predicted for proteins in the RAF-MEK-ERK pathway, consistent with a lack of negative modulation of this pathway, which is constitutively active in HCL cells because of BRAF somatic mutation. 4 The balance between ERK and JNK/p38 MAPK may have a critical role in HCL, as suggested by the observation that active JNK/p38 MAPK makes HCL cells susceptible to apoptosis, whereas they are effectively rescued by ERK activation. 15 Therefore, negative modulation of the pro-apoptotic JNK/p38 MAPK signaling pathways caused by overexpression of miRNAs may contribute to make HCL cells more resistant to apoptosis. This mechanism may act in concert with the constitutive activation of the RAF-MEK-ERK pathway triggered by the BRAF V600E mutant.
Taken together, the data herein identify a HCL-specific miRNA signature with implications for the pathogenesis and clinical management of HCL. In fact, these results reinforce the notion that the MAPK pathway has a critical role in the development of HCL. This in turn suggests a druggable target because many available compounds can modulate the altered MAPK-JNK pathway typical of leukemic hairy cells. We recently demonstrated that 430% of the cases with splenic marginal-zone lymphoma (SMZL) express B-cell receptors (BcRs) that carry a single polymorphic variant of the IGHV1-2 gene (IGHV1-2*04). 1 The IGHV1-2*04 BcRs in SMZL are characterized by long complementarity-determining region-3 (CDR3) and exhibit a low impact of somatic hypermutation (SHM), leading to limited changes, which cluster in certain positions of the VH domain. Altogether, these features argue for selection by antigen in the pathogenesis of SMZL and suggest heavy chain (HC) dominance in the clonogenic immunoglobulin (IG) receptors of SMZL. 1 That notwithstanding, the possibility that IG light chains (IG LC) might also have an important role in SMZL ontogeny exists and needs to be investigated. This is supported by studies demonstrating that IG LCs may be critically implicated in recognition of and selection by antigen. Examples include: (i) significant LC sequence restrictions among estradiol-specific antibodies; 2 (ii) impaired responses to Haemophilus influenzae in individuals lacking a specific allelic variant of the IGKV2D-29 gene; and, (iii) biased IG LC gene usage in autoimmunity (for example, IGKV1-17 and IGLV1-47 in lupus, [3] [4] IGKV1-39/1D-39 in Graves disease 5 ). Furthermore, the BcR specificity may drastically change through genetic processes affecting LCs, including secondary rearrangements in the context of receptor editing 6 or distinctive SHM patterns. 7 Finally, marked LC gene repertoire biases exist in various B-cell lymphomas, strongly indicating that LCs can contribute significantly toward shaping antigen reactivity of the clonotypic BcRs. 8 In order to gain insight into the role of IG LCs in SMZL we explored the IG LC gene repertoire in 107 SMZL cases diagnosed as described previously 1 and carrying at least one productive LC rearrangement. The analysis was performed on spleen specimens or peripheral blood samples as described previously. [8] [9] [10] Sequences were analyzed using the IMGT databases and the IMGT/V-QUEST tool (version 3.2.17, Université Montpellier 2, CNRS, Montpellier, France; www.imgt.org). All sequences, including 41 sequences previously reported from our groups, 9, 10 were evaluated following the novel strategy detailed in our recent publications. 1, 8 Overall, 113 productive IG LC rearrangements were amplified from 107 cases. Six cases carried two productive IG LC rearrangements along with a single productive HC rearrangement, effectively ruling out the possibility of biclonal population. Notably, four of the six cases with double-productive rearrangements were found to carry one each IGKV-IGKJ and IGLV-IGLJ rearrangement, hence raising the possibility that an initially expressed IGKV-IGKJ rearrangement was subsequently edited through a process involving inactivation of the IGK locus by a rearrangement involving the kappa-deleting element, thus, ensuring allelic exclusion. 6, 8 The IG LC gene repertoire was biased (Supplementary Table 1) with only six genes (IGKV3-20, IGKV4-1, IGKV1-5, IGKV1-8, IGKV1-39, IGLV2-14), accounting for 72/113 rearrangements (64%). In particular, the IGKV3-20 and IGLV2-14 genes predominated by far within IGKV-IGKJ and IGLV-IGLJ rearrangements (20/82 cases, 24%; and 10/31 cases, 32%, respectively). Hence, the IG gene repertoire in SMZL is restricted with regards to not only IG HCs but LCs as well, strongly indicating selection by antigen.
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On the basis of the percentage of IGKV/IGLV gene identity to the germline (GI), 21/113 sequences (18%) were assigned to a 'truly unmutated' subgroup (100% GI), whereas the remaining sequences (92/113, 82%) exhibited a variable impact of SHM, ranging from minimal to pronounced (Supplementary Table 2 ). For statistical comparisons, sequences with 97-99.9% GI were classified as 'borderline/minimally mutated' (n ¼ 61, 54%), whereas those with o97% GI as 'significantly mutated' (n ¼ 31, 28%). Rearrangements of most genes did not differ regarding the impact of SHM. The IGKV1-5 gene constituted an exception as it was Accepted article preview online 18 July 2012; advance online publication, 3 August 2012
